Pancreatic cancer remains a deadly disease that kills ~40,000 Americans each year (1) . The death rate from pancreatic cancer is steadily increasing and is anticipated to surpass that from prostate and breast cancer in the next two decades (2) . The absence of any early detection markers as well as the lack of effective drugs has kept the survival rates from pancreatic cancer at <7% (3) . This makes pancreatic cancer the only malignancy with an overall survival (OS) rate in single digit. This disease is therapy resistant and radiotherapy provides only modest benefits (4) . Surgery is potentially the only curative treatment, however, the limited number of patients (<20%) that are eligible for surgical resection develop recurrences and succumb to the disease (5) .
Pancreatic cancer therapy resistance is multi-factorial and emanates from both the macro and microenvironment of the tumor (6) . Disturbances in multiple signaling pathways, particularly that of oncogenic K-ras driven (altered in >95% of pancreatic cancer), give a very complex network of interacting aberrations (7) . Such complex interactions are not only hard to parse through; they are also difficult to perturb using drugs for meaningful therapeutic outcome. In terms of their microenvironment, pancreatic tumors are recognized to consist of heterogeneous cellular subtypes and are particularly marked for the presence of a dense desmoplastic stroma that is composed of activated stellate cells, extracellular matrix, immunosuppressive cell populations, such as regulatory T cells (Tregs), and limited protective immune surveillance due to the low number of cytotoxic CD8+ tumor infiltrating lymphocytes (TILs) that is observed in the majority of the patients (8) (9) (10) . Both interstitial fluid and recently the less mobile, gel-fluid phase has been appreciated to be also involved in the observed hypoperfusion of pancreatic tumors (11) . Additionally, there is increasing recognition of the presence of a side population of highly resistant cancer stem like cells with the propensity to undergo epithelial-to-mesenchymal transition (12) . The dense desmoplastic stroma hinders proper drug penetration and simultaneously, the immunosuppressive microenvironment suppresses the activation of proper anti-tumor immune surveillance. This makes targeting the desmoplasia as well as conversion of an immune compromised microenvironment to a more immune competent setting an attractive therapeutic strategy against pancreatic cancer. Unfortunately, approaches to inhibit desmoplasia seem to trigger an acute immunogenic response that ends up promoting pancreatic tumorigenesis (13) . Alternately, re-modeling of the microenvironment has been considered as a less drastic approach. However, any success in such approaches that reverse the recalcitrant pancreatic tumor to more responsive sub-type is still awaited.
Cancer immunotherapy has gained traction in recent years (14) . The concept is particularly appealing for pancreatic cancer where immune compromised s t a t u s h i n d e r s a n t i -t u m o r r e s p o n s e f r o m d r u g treatments (15) . Presently, there are 66 clinical trials listed on ClinicalTrials.gov website involving pancreatic cancer and immunotherapy (using key words search "Pancreatic cancer"; "immunotherapy"). These studies range from the use of checkpoint inhibitors (also known as immune modulators), vaccines, adoptive cell transfer, monoclonal antibodies, oncolytic viruses, adjuvant immunotherapies, and cytokines.
Among the mediators of immune tolerance, the program death receptor-1 (PD-1) and its ligand, program death ligand 1 (PD-L1) feature as the top molecules (16) . They differ in their location as well as cell origin. PD-L1 is usually expressed in parenchymal and myeloid cells, whereas PD-1 is expressed on activated T cells (17, 18) .
Binding of PD-1 to PD-L1 exhausts T cells, a process termed anergy. This hinders proper anti-tumor immune responses, resulting in tumor growth and progression. There are several mechanisms that activate PD-L1. PD-L1 expression was found to be activated in a silica induced inflammation in a lung cancer model (19) . Interestingly, K-RAS mutational profile of these tumors demonstrated a change from Q61R to G12D mutations in the inflammatory milieu. These hold relevance to pancreatic cancer which is known to harbor inflammatory microenvironment and are predominantly dependent on K-ras mutation. Disturbed K-ras signaling is also recognized to drive downstream canonical signaling such as PI3K/Akt pathway a wellrecognized activator of PD-L1 (20) . Interestingly, Nomi and colleagues demonstrated that monoclonal antibodies against PD-L1 or PD-1 caused a marked increase in antitumor efficacy on pancreatic cancer xenograft. PD-L1 blockade promoted CD8(+) T-cell infiltration into the tumor and induced local immune activation (21) . In the same study the authors also demonstrated that gemcitabine could synergize with anti-PD-L1 monoclonal antibody resulting in complete elimination of pancreatic cancer tumors grown in mice and such combination lacked toxicity.
Based on the critical role of immune systems in promoting pancreatic tumor therapy resistance, as well as the pre-clinical data presented above, one promising approach is the use of immune checkpoint inhibitors (ICIs). ICIs work by targeting molecules that serve as repressors of anti-tumor immune response. Inhibition of immune inhibitory molecules results in activating stimulatory molecules, these treatments are designed to unleash or enhance pre-existing anti-cancer immune responses. Several checkpoint inhibitors, targeting multiple different checkpoints, are currently in development. There are two distinct approaches (I) targeting PD-1 ( Table 1) ; and (II) targeting PD-L1 ( Table 2) .
The ICIs targeting the PD-1/PD-L1 pathway and the cytotoxic T-lymphocyte antigen-4 (CTLA-4) have shown significant improvements in clinical responses in patients with melanoma, renal cell carcinoma, non-small cell lung cancer [reviewed in (22) ]. Nevertheless, despite initially promising preclinical findings, administration of these agents as monotherapy in pancreatic ductal adenocarcinoma (PDAC) failed to demonstrate anti-tumor activity. Attempts have been made to understand such lack of activity and researchers have been able to pinpoint certain mechanisms underlying resistance to both PD-1 and PD-L1 therapies. One plausible explanation for the lack of efficacy of these agents in PDAC was attributed to low level of tumor infiltration by effector immune cells and the presence of fibroblast activation protein (FAP)-positive mesenchymal stromal cells that mediate immunosuppression via the CXCR4/CXCL-12 chemokine pathways (23) .
Working in this direction, in a recent paper, Diana and colleagues evaluated the prognostic value of PD-1 and PD-L1 together with CD8+ TILs and FOXP3+ Tregs in resectable PDAC samples treated with adjuvant chemotherapy (24) . This research group immunohistochemically evaluated whole-mount formalin fixed paraffin embedded (FFPE) tissue sections from 145 pancreatectomies for PD-1, PD-L1, CD8 and FOXP3. The goals of this study were to correlate the expression of these markers with clinicopathological characteristics, and OS, progression-free survival (PFS), local progressionfree survival (LPFS) and distant metastases freesurvival (DMFS), in the background of stroma density (haematoxylin-eosin) and activity (alpha-smooth muscle actin) and taking into consideration the intratumoral lymphoid aggregates. The median OS range was kept between 2-69 months with median OS was 21 months after a mean follow-up of 20 months. In the multivariate analysis performed on these 145 pancreatectomies, high PD-1+ TILs expression was associated with better OS, LPFS and DMFS (statistical significance P<0.05). Similar findings were observed for CD8+ TILs. Of interest, the expression of FOXP3 and PD-L1 did not demonstrate any prognostic significance. The distribution of TILs in their selected dataset was found to be heterogeneous. Nevertheless, what is intriguing is that in their tumors harboring higher stromal density showed greater infiltration of CD8+ TILs than that in loose density stroma. As anticipated, the authors could not find any correlation with stromal activity. The study also captured lymphoid aggregates in more than 50% of tumors. In these cases the presence of PD-1+ TILs was associated with better OS, LPFS and DMFS, whereas CD8+ TILs only correlated with superior LPFS. PD-1+ and CD8+ TILs (statistical significance P<0.05).
Conclusions
Cancer immunotherapy has been touted as the beginning of the end of cancer (25) . At present there are more than 1,450 clinical studies in relation to cancer immunotherapy and more specifically involving ICIs against PD1 and PD-L1. Immunotherapy is particularly appealing concept for pancreatic cancer simply because it is one of the most immune compromised tumor system. As presented in the article by Diana and colleagues, both PD-1 and PD-L1 alongside the CD8+ TILs and FOXP3+ Tregs hold prognostic value for pancreatic cancer. These findings can be considered as guidelines for evaluation of PD-1/PD-L1 in the context of desmoplastic stroma and could help guide future immunotherapies in PDAC. Despite these convincing results, a major caveat associated with this study is that the median OS follow up was kept at 21 months. This may not be the most ideal range given that studies with substantially longer median OS have been reported in certain settings for pancreatic cancer patients. Although briefly described by the authors, the possibility of potential selection bias due to the retrospective nature of the study cannot be ruled out. It will be worthwhile to perform a detailed pathological examination in retrospective cohort to obtain concrete answers on the role of CD8+ and PD-1+ TILs as valid and robust prognostic markers to identify PDAC patients with a more favorable outcome. 
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